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Abstract 
A bovine oviduct-specific glycoprotein (BOGP) that sustained the viability of bovine spermatozoa in vitro was purified from an 
extract of bovine oviducts. The amino-terminal amino acid sequence of BOGP was found to be a homologous with that of oviductin, a
protein from hamster that was recently characterized by Mallete and Bleau (1993: Biochem. J. 295, 437-445). Purified BOGP was 
characterized as a sialo-glycoprotein containing N-linked and O-linked sialo-oligosaccharides side chains with galactose, mannose, 
N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, fucose and sialic acids in its core protein (57 kDa). Intact BOGP has a wide range of 
isoelectric points (p/s) from 6.5 to 3.0 but a narrow range of molecular masses around 95 kDa. On isoelectric focusing of 
neuraminidase-treated BOGP (AS-BOGP), a narrow band with a pl of 9.3 was observed, and the ability of AS-BOGP to maintain sperm 
viability was negligible. We propose that BOGP is a mucin-type sialo-glycoprotein with a molecular mass of 72 kDa that contains one 
N-linked and approx. 15 O-linked sialo-oligosaccharide chains. These side chains appeare to be important for the maintenance of sperm 
viability. 
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1. Introduction 
Evidence from various studies uggests that the oviduct 
may play a key role in the capacitation of sperm, fertiliza- 
tion and the early development of mammalian embryos. 
Oviduct epithelial cells produce secretory proteins or 
glycoproteins that associate with the zona of the ovulated 
egg [1-8], the early embr¢o [1,5,7,8] and the surface of 
sperm [9-11,33,34]. It seems likely that these proteins 
might stimulate the capacitation of sperm [11-13] or main- 
tain the motility of spermatozoa [31,32], and that they 
might influence early embryonic development [14-17]. 
Furthermore, the abundant production of several oviductal 
macromolecules is dependent on the follicular stage of the 
estrous cycle [18-20,33]. However, the major biological 
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functions and biochemical characteristics of these macro- 
molecules remain to be fully determined. 
Recently, we prepared a monoclonal antibody (mAb), 
designated 1H10, against bovine oviductal glycoproteins 
that cross-reacted specifically only with bovine glyco- 
proteins of molecular masses of 85 to 97 kDa and 55 kDa 
that were secreted from the epithelium of the oviduct at the 
follicular phase [21,24]. Sendai and his colleagues [25] 
successfully cloned and sequenced the cDNA of BOGP 
(95 kDa) from a bovine oviductal cDNA library using 
mAb 1H10. From the amino acid sequence deduced from 
the cDNA the molecular mass of the core protein was, 
however, calculated to be 57 684 Da, that is to say, approx. 
38 kDa lower than the molecular mass (95 kDa) deter- 
mined by SDS-PAGE. 
In the present study, we purified BOGP, which sus- 
tained sperm viability in vitro, from an extract of bovine 
oviductal tissue and we provide here a description of the 
biochemical characteristics, including the amino-terminal 
sequence of 29 amino acids, the molecular mass of the 
core protein, the isoelectric point and the carbohydrate 
composition, of this glycoprotein. Furthermore, we pro- 
pose that BOGP is a sialo-glycoprotein with a molecular 
mass of 72 kDa that contains one 'complex-type' and 
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about 15 'mucin-type' oligosaccharides which are impor- 
tant for maintenance of the viability of spermatozoa in
vitro. 
2. Materials and methods 
2.1. Materials 
Neuraminidase (Nase), O-glycanase (O-Gly) and N- 
glycanase (N-Gly) were purchased from Genzyme Co. 
(Cambridge, MA, USA). Peroxidase-conjugated rabbit an- 
tibody against rat immunoglobulin was obtained from 
Dakopatts (Glostrup, Denmark). Wheat germ lectin-agarose 
(WGA-agarose) was obtained from Honen Co. (Tokyo, 
Japan). Peanut agglutinin-agarose (PNA-agarose) was from 
Wako Pure Chemical Industries (Osaka, Japan). 
A monoclonal antibody (mAb) against BOGP raised in 
rat was prepared by Abe et al. as reported previously [21]. 
The culture supernatant of hybridoma cells (clone 1H10) 
was used as the primary antibody for immunoblotting. 
2.2. Assay of the ability to maintain sperm viability 
A commercial preparation of frozen sperm from 
Japanese Black bulls was thawed, suspended in 5 ml of 
Tyrode solution [22] that contained 21.6 mM sodium lac- 
tate and 1 mM sodium pyruvate (TLP), and then sperm 
were washed by centrifugation at700 X g for 5 rain. The 
pellet was re-suspended in TLP (control) or in TLP that 
contained test material at a final concentration of 1 to 
2 • 107 sperm/ml. Fifty/xl of a suspension of sperm were 
then pipetted into duplicate micro-centrifuge tubes (Sars- 
tedt, Ntimbrecht, Germany), covered with mineral oil and 
incubated for a given time in a humidified atmosphere of 
5% CO 2 and 95% air at 39 ° C. The viability of spermato- 
zoa was determined by the trypan blue dye-exclusion 
procedure under a lighte microscope quipped with No- 
marski differential interference optics (X 400 magnifica- 
tion). In addition, motility of sperm was monitored as an 
another indicator of the viability of sperm. In the present 
experiments, perm with weakly oscillating flagella were 
counted as motile spermatozoa. Results are represented as
the mean ___ S.D. from four replicates and they were ana- 
lyzed by one-way analysis of variance with pairwise com- 
parison by the Bonferroni method. 
2.3. Isolation of BOGP 
Bovine oviduct issues, obtained from a slaughterhouse, 
were minced with surgical scissors and then subjected to 
freezing and thawing in 20 mM Tris-HC1 buffer (pH 7.5) 
that contained 0.5 M NaCI (TBS) at 4 ° C. After large 
fragments of tissue had been allowed to settle for 5 to 10 
min, the supernatant was clarified by centrifugation at 
15 000 rpm for 10 min at 4 ° C. The clear supernatant was 
loaded onto a column of WGA-agarose (1 X 10 cm). The 
column was washed with TBS until the absorbance at 280 
nm of the eluent fell to the baseline, and then bound 
materials were eluted with TBS that contained 0.2 M 
N-acetyl-D-galactosamine. The eluent was dialyzed against 
50 mM Tris-HC1 buffer (pH 7.5) that contained 0.1 M 
NaC1 and then loaded onto a Mono-Q FPLC column 
(Pharmacia-LKB Biotechnology, Uppsala, Sweden) that 
had been equilibrated with the same buffer. The bound 
materials were eluted by a linear gradient of NaCI from 0.1 
to 0.3 M in Tris-HC1 (pH 7.5) at a flow rate of 0.5 
ml/min, with further subsequent washing of the column 
with the equilibration buffer. The eluent was collected as 
fractions of 0.5 ml per tube. The presence of BOGP in 
each fraction was examined by immunoblotting with mAb 
1H10 on the nitrocellulose membranes. Immunologically 
positive fractions were pooled, dialyzed against water, 
lyophilized and stored at -30°C for use within 6 weeks. 
2.4. Electrophoresis 
The purity and molecular mass of BOGP were exam- 
ined by SDS-PAGE on gradient gels prepared with 4% to 
20% polyacrylamide (Daiichi Pure Chemicals Co., Tokyo, 
Japan). Proteins were detected by Coomassie blue staining 
after electrophoresis. The molecular mass was calculated 
from the mobilities of standard proteins (High Range; 
Bio-Rad, Richmond, CA) during SDS-PAGE, namely, 
myosin (200 kDa), fl-galactosidase from E. coli (116 
kDa), muscle phosphorylase b from rabbit (97.4 kDa), 
bovine serum albumin (66.2 kDa), and hen egg-white 
ovalbumin (42.7 kDa). 
Isoelectric focusing (IEF) was performed with Ampho- 
line PAG plates (pH range 3.5-9.5; Pharmacia). Aliquots 
of 20 /xl of test material (5 mg protein/ml) were applied 
to the gel with sample-applicator st ips (18-1002-74; Phar- 
macia), then isoelectric focusing was carded out for 90 
min at a constant current of 50 mA and limiting power of 
30 W on a cooling bed. The gel was then fixed for 1 h and 
stained with Coomassie blue. Isoelectric points were deter- 
mined by reference to mobilities of IEF standard marker 
proteins (Bio-Rad). 
2.5. Immunoblotting 
Purified BOGP was subjected to SDS-PAGE or IEF and 
transferred to a nitrocellulose membrane (0.45 /xm) by the 
method of Towbin et al. [23]. Blots were incubated for 3 h 
at room temperature with mAb 1H10, and bonds were 
visualized with peroxidase-conjugated antibodies against 
rat IgG and an Immunostain HRP kit (IS-50B; Konica, 
Tokyo, Japan). 
2.6. Sequencing of amino-terminal mino acids and ho- 
mology search 
Analysis of the amino-terminal mino acids of the 
purified BOGP was performed with a gas-phase sequencer 
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(PSQ-1; Shimazu Co., Kyoto, Japan). The released 
phenyl-thiohydantoin-derivatized amino acids were ana- 
lyzed with an on-line analyzer equipped with a WS-PTH 
reverse-phase column (Wako). The sequence of amino 
acids was compared to sequences in the protein data base 
of the European Molecular Biology Laboratory (SWISS- 
PROT 27, February 1994). 
2.7. Enzymatic deglycosylation 
One hundred /zg of purified BOGP were dissolved in 
70 pA of 20 mM cacodylate buffer (pH 7.5) that contained 
0.1% SDS and 50 mM 2-mercaptoethanol (2-ME), then the 
solution was boiled for 5 min to denature the glycoprotein. 
After cooling of the solution to room temperature, 25/zl of 
7.5% Triton X-100, 7.5/zl of 100 mM calcium acetate and 
0.08 unit of Nase were added with mixing, and then the 
mixture was incubated for 1 h at 37 ° C. One milli-unit of 
O-Gly and/or 0.3 units of N-GIy were added to a 10 ~1 
aliquot of the incubated mixture, further incubated 
overnight (18 h) at 37°C, and then the reaction was 
stopped by addition of SDS sample buffer. Molecular 
masses of components of each digest were analyzed by 
SDS-PAGE and staining with Coomassie blue. 
To prepare deglycosylated BOGP for IEF and bioas- 
says, 2 mg of BOGP were dissolved in500 /zl of 0.1 M 
acetate buffer (pH 5.5) that contained 10 mM of CaC! 2 
and 0.01% NaN 3, and the solution was incubated with 0.5 
units of Nase or with a mixture of Nase and 5 units of 
N-GIy for 16 h at 37 ° C. SiaJic acid-free BOGP (AS-BOGP) 
was recovered from the reaction mixture by affinity chro- 
matography on a PNA-agarose column (1 × 3 cm) [20]. 
Bound materials were eluted with phosphate-buffered saline 
(PBS) that contained 0.3 M D-Gal. Intact BOGP did not 
bind to the column under these conditions. The eluate from 
the column was dialyzed against water, lyophilized and 
stored at -30°C until use. 
2.8. Analysis of carbohydrate composition 
The analysis of carbohydrate composition was per- 
formed by Takara Shuzo Co. (Kyoto, Japan). 
Neutral and amino-saccharides were analyzed as 2- 
amino pyridine derivatives. In brief, 25 pmol of the puri- 
fied preparation of BOGP (fraction from the Mono-Q 
column) or standard mixtures of N-acetyl-D-galactosamine 
(GalNAc), xylose (Xyl), N-acetyl-D-glucosamine 
(GlcNAc), glucose (Glc), mannose (Man), fucose (Fuc) 
and galactose (Gal) were acid-hydrolyzed by incubation 
with a mixture of 2 M HC1 and 2 M trifluoroacetic acid 
(TFA) at 100 °C for 4 h. Then, the saccharides were 
aminopyridylated with 2-amino pyridine after N-acetyla- 
tion with acetic anhydride. The resulting aminopyridylated 
saccharides (PA-saccharides) were identified by ion-ex- 
change HPLC on a Palpak Type A column (CA8200; 
Takara, Kyoto, Japan) with a mixture of acetonitrile and 
0.7 M sodium borate buffer (pH 9.0; 1:9, v /v )  as the 
mobile phase. The fluorescence at 380 nm of the eluted 
material was monitored at an excitation wavelength of 310 
nm. The amount of each saccharide was calculated by 
reference to the recovery of standard PA-saccharides. 
Analysis of sialic acids: Ten pmol of BOGP, 10 to 50 
pmol of N-acetylneuraminic a id (NANA) and I0 to 50 
pmol of N-glycolylneuraminic acid (NGNA) were acid-hy- 
drolyzed separately by incubation with 0.1 M HC1 at 80 ° C 
for 1 h. Released sialic acids were fluorescence-labeled by 
incubation with 1,2-diamino-4,5-methylene-dioxybenzene 
(DMB) at 50°C for 2.5 h. DMB-labeled sialic acids 
(DMB-NANA and DMB-NGNA) were analyzed with re- 
versed-phase HPLC on a Palpak Type R column with a 
solvent mixture of acetonitrile, methanol and H20 (9:7:84, 
v /v)  as the mobile phase. Fluorescence at448 nm of the 
eluate was monitored with excitation at 373 nm. 
2.9. Quantitation of protein 
The protein contents in crude extracts of oviduct were 
determined from absorbance at280 nm, with bovine serum 
albumin as the standard. The protein of purified prepara- 
tion of BOGP was calculated from the molecular extinc- 
tion coefficient at 280 nm (10D = 1.64 mg protein/ml), 
which was based on the amino acid composition deduced 
from the cDNA [25]. Calculations of molar concentration 
were based on the molecular mass (57 kDa) of deglycosy- 
lated BOGP, as determined by SDS-PAGE. 
3. Results 
3.1. Isolation of BOGP 
Bovine oviductal glycoprotein was purified to homo- 
geneity, as estimated by SDS-PAGE from an extract of 
bovine oviduct issues as described in Section 2. Thirteen 
mg of purified BOGP, with a molecular mass of 95 kDa, 
were isolated from 100 ml of extract (4.1 mg protein/ml) 
obtained from 40 g wet weight of oviduct issues. The total 
yield of BOGP, based on protein, was 3.2% from 100 ml 
of oviduct extract. 
The amino-terminal mino acid sequence of two sepa- 
rate samples of purified BOGP was analyzed by a gas-phase 
sequencer. The following amino-terminal sequence of 29 
amino acid was determined from a total of approx. 50 /xg 
of purified protein: 
1 5 10 
H-K-L -V -  ? -Y -F -T -N-W-A-F  
15 20 
-S -R -  P -G-P -A -S -  I - L -P  
25 
-R -D-  L - (D) - (P ) -F - (L ) -  
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The sequence of the first 18 amino acids resembles that of 
hamster oviductin, as reported by Mallete and Bleau [27], 
except for differences in four amino acids, the first (H), 
fifth (?), twelfth (F) and the sixteenth (G). 
Fig. 1 shows the dose-dependent ability of purified 
BOGP and a crude extract of oviduct to sustain the viabil- 
ity of bovine sperm in vitro. The mean survival ratio of 
four preparations of sperm was 53.6 + 3.7% immediately 
after thawing of frozen sperm stock. After a 1-h incubation 
at 38 ° C, 53% and 95% of the initial viable sperm re- 
mained viable at concentrations of purified BOGP of 100 
and 500 /zg/ml, respectively. Oviduct extracts containing 
100 /zg/ml protein also enhanced maintenance of sperm 
viability during incubations for 1 and 3 h, but this activity 
was less than half of that of the purified BOGP. Only a 
few viable sperm (4.9 __+ 1.4% and 1.6 + 0.6% after 1 h 
and 3 h incubation, respectively) remained after incubation 
in fresh culture medium without BOGP or a crude extract 
of oviduct tissue. The percentages of viable sperm in the 
presence of BOGP were significantly greater from those in 
the presence of oviduct extract after incubations for 1 and 
3 h at a protein concentration of 100/zg/ml  (26.0 ___ 8.5% 
vs. 12.2 + 0.9% and 15.2 ___ 2.5% vs. 4.9 _ 1.6%, respec- 
tively, P < 0.05) and of 500 /xg/ml (48.2 + 4.6% vs. 
22.0_+5.1% and 28.0_+6.7% vs. 11.6_+4.0%, respec- 
tively, P < 0.05). The half-maximal effective doses (EDs0) 
of BOGP and oviduct extract were calculated as 90 /zg 
protein/ml and > 800 /xg protein/ml, respectively. The 
specific activity of purified BOGP was increased approx. 
10-fold by the two-step urification procedure. 
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N-Glycanase + - 
O-G lycanase  - + 
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Fig. 2. Determination of the molecular mass of deglycosylated BOGP by 
SDS-PAGE and immunoblotting. (A) BOGP treated with Nase, N-Gly, 
O-Gly and mixtures of these enzymes (presence (+)  or absence (-) of 
enzymes indicated) was subjected to electrophoresis on a polyacrylamide 
gradient gel (4% to 20% acrylamide). The gel was stained with Coomassie 
brilliant blue. Lanes: 1, intact BOGP; 2, Nase-treated; 3, Nase- and 
N-Gly-treated; 4, Nase- and O-Gly-treated; 5, Nase-, N-GIy- and 
O-Gly-treated BOGP. (B) Western blotting of intact (lane 1) and com- 
pletely deglycosylated (lane 2) BOGP. 
3.2. Characteristics of deglycosylated BOGP 
60 
50 t 
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Fig. 1. Dose-dependent ability of BOGP and a crude extract of oviduct o 
maintain sperm viability in vitro. Fifty /xl of a suspension of 1.107 to 
2.107 sperm/ml in TLP that contained the indicated concentration of
oviduct extract (open and hatched bars) or purified BOGP (dotted and 
closed bars) were incubated for 1 (open and doUed bars) or 3 h (hatched 
and closed bars). Viability was determined by the trypan blue dye-exclu- 
sion test, and values are expressed as means + S.D. of results of four 
independent experiments. The mean percentage + S.D. of viable sperm 
just after thawing was 53.6+ 3.7% in four experiments. * Represents a 
significant P value of 0.001 < P < 0.05. 
The molecular mass and isoelectric point of the core 
protein of BOGP were investigated by the systematic 
deglycosylation by three enzymes, namely, Nase, N-GIy 
and O-GIy. 
Fig. 2 shows the results of SDS-PAGE and immuno- 
blotting of intact and deglycosylated BOGP. The apparent 
molecular mass of untreated BOGP was 95 kDa (lane 1), 
and molecular mass of BOGP after sequential treatment 
with enzymes were as follows: 70 kDa after treatment with 
Nase (lane 2); 68 kDa after treatment with Nase and N-Giy 
(lane 3); 59 kDa after treatment with Nase and O-Gly (lane 
4); and 57 kDa after treatment with a combination of Nase, 
N-GIy and O-Gly (lane 5). Fig. 2B shows results of 
immunoblotting of deglycosylated BOGP. The monoclonal 
antibody (1H10) cross-reacted with an intact polypeptide 
of molecular mass 95 kDa (lane 1), and with a deglycosy- 
lated molecule of 57 kDa after treatment with all three 
enzymes (lane 2). 
IEF and subsequent immunoblotting (Fig. 3) revealed 
that the intact BOGP was an acidic glycoprotein with a 
wide range of p l  values from 6.3 to 3.0. The wide 
heterogeneously staining bands in the anodic area (pI 
6.5-3.0) became focused on the cathodic site as a band of 
protein of p I  9.3 upon treatment with Nase. 
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Fig. 3. Isoelectric focusing of intact and Nase-treated BOGP. (A) Twenty 
/~1 of a solution of BOGP (5 mg protein/ml) were subjected to IEF over 
a pl  range from 3 to 9.5, and then the gel was stained with Coomassie 
brilliant blue. (B) Focused proteins were transferred electrophoretically to 
a nitrocellulose membrane and immunostained with MAb 1H10. p l  
values are indicated above the gel. An arrowhead indicates the site of 
application of the sample. WGA-.BOGP, WGA-agarose-bound fraction; 
MonoQ-BOGP, fraction from MonoQ ion-exchange HPLC.; AS-BOGP, 
PNA-agarose-bound fraction of BOGP after treatment with Nase; M, pl  
marker proteins. 
Neuraminidase-treated BOGP adsorbed strongly to the 
PNA-agarose column and the bound material was eluted 
by a 0.3 M solution of Gal. Approx. 60% of AS-BOGP 
was recovered from a neuraminidase-treated pr paration of 
2 mg BOGP. In contrast, intact BOGP failed to adsorb to 
the column. Fig. 4 summarizes the ability of deglycosy- 
lated BOGP to maintain sperm viability. Frozen bovine 
sperm were incubated with intact BOGP, with AS-BOGP 
(Nase treated), with N-Gly--treated AS-BOGP (treated with 
Nase and N-Gly) and with BSA at 500 /xg/mi in TLP. 
The pH values of solutions of TLP that contained each test 
material did not differ si~gnificantly. The mean pH was 
80 
60 
~ 4o 
._~ 
> 20 
0 
0 
T ,  
I I I I I I 
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Fig. 4. Ability of intact and deglycosylated BOGP to maintain sperm 
viability. Spermatozoa were incubated for indicated times in TLP (open 
squares) or TLP that contained 5(10/xg/ml intact BOGP (closed squares), 
AS-BOGP (Nase-treated; open circles) and deglycosylated AS-BOGP 
(treated with N-Gly and Nase; closed circles), or in TALP (containing 
500 izg BSA/ml;  open triangles). * Represents ignificant difference 
between results with intact BOGP and AS-BOGP (P < 0.05). 
7.30 + 0.03. In this experiment, the activity of BOGP that 
was completely deglycosylated by a mixture of Nase, 
N-Gly and O-Gly was difficult to test since the treated 
protein was insoluble in physiological solvents, such as 
phosphate-buffered saline or TLP, in the absence of deter- 
gents and urea. With intact BOGP, 55% of sperm main- 
tained viable after a 3-h incubation, but the viability of 
control sperm in TLP (without BSA) and in TALP (con- 
taining 500 tzg/ml of BSA) fell to 15% and 25%, respec- 
tively, from an initial value of 68.1 ___ 3.5% after only 1 h 
of incubation. The activities of deglycosylated BOGPs 
were also equivalent to those of the control solution, with 
32-38% viability remaining after a 1-h incubation. The 
percentages of viable sperm after incubation with AS- 
BOGP were significantly different from those after incuba- 
tion with intact BOGP when incubations were performed 
for 1, 3, and 6 h (56.5 _+ 2.2% vs. 31.7 + 2.7%, 53.4 +_ 
5.5% vs. 25.1 + 4.7% and 37.6 ___ 10.2% vs. 12.9 _+ 1.1%, 
respectively; P < 0.05). 
Motility of sperm was examined in the presence of 
intact BOGP and deglycosylated BOGP as an another 
indicator of the viability of sperm. Again, the percentage 
of motile sperm was significantly reduced uring incuba- 
tions with deglycosylated BOGP (data not shown). 
3.3. Saccharide composition 
Triplicate analysis of the saccharide composition of 
BOGP yielded the results in Table 1. Seven monosaccha- 
rides, namely, GalNAc, GlcNAc, Man, Fuc, Gal, and sialic 
acids (NANA and NGNA) were detected in the analysis of 
a purified preparation of BOGP, and the molar ratio of the 
saccharides was 15:4:2:1:17:16. The data from analysis of 
cDNA, reported previously by Sendai et al. [25], revealed 
one site of N-glycosylation, 'N-S-S', in the molecule. This 
result and the results of the analysis of saccharide compo- 
sition indicate that protein was glycosylated by an oligo- 
saccharide of molecular mass 2.2 kDa that contained 4
moles of GIcNAc, one mole of Fuc, and 2 moles of each 
of Man, Gal and sialic acid per mole of protein. Further- 
more, 15 moles each of GalNAc and Gal and 14 moles of 
sialic acids were deduced for the O-linked sialo-oligo- 
Table 1 
Saccharide composition a of BOGP 
Saccharide moles/mole BOGP Calculated 
Expt. 1 Expt. 2 Expt. 3 Average molar ratio 
Gal 16.7 16.3 18.4 17.1 17 
Man 2.8 1.8 2.1 2.2 2 
Fuc 0.8 0.7 0.8 0.8 1 
GalNAc 14.7 14.7 15.1 14.8 15 
GlcNac 3.5 3.5 3.6 3.5 4 
NANA b 10.2 9,5 8.3 9.3 9 
NGNA b 7.9 7,2 6.1 7.1 7 
a Each saccharide was quantitated as PA-saccharide after acid hydrolysis. 
b NANA and NGNA were determined as DAB-labeled derivatives. 
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saccharide. The total molecular masses of the N- and 
O-linked oligosaccharides were calculated to be about 12.3 
kDa (N-linked, 2.2 kDa, and O-linked, 10.1 kDa), reflect- 
ing the molecular mass obtained for glycosidase-treated 
BOGP by SDS-PAGE. 
4. Discussion 
Numerous investigators have reported evidence that 
oviductal secretory proteins or glycoproteins are important 
for fertilization, activation of sperm, embryonic develop- 
ment and pregnancy, but very little information about the 
biochemical characteristics and/or biological functions of 
oviductal glycoproteins has been reported. Recently, King 
and Killian [33] and Boatman and Magnoni [34] discussed 
the biochemical characteristics and biological functions of 
BOGP and hamster oviductin, respectively. Both glyco- 
proteins bound to the head and middle piece of sperm and, 
furthermore, oviductin enhanced penetration rates of sperm. 
We have also confirmed the binding of purified BOGP to 
the head and middle piece of sperm by immuno-cytochem- 
ical analysis (data not shown). 
In the present report, we describe the purification and 
biochemical characteristics of estrus-associated BOGP 
[24,25], as well as its biological function in vitro. Biologi- 
cally active BOGP was easily purified from extracts of 
bovine oviduct issues by a two-step urification procedure 
that included lectin-affinity chromatography and ion-ex- 
change HPLC. This purified BOGP is able to sustain the 
long-term survival of bovine sperm in vitro. The ability to 
improve sperm viability was clearly dependent on physico- 
chemical properties related to the negative charges of sialic 
acid moieties in the BOGP molecule. It is likely that the 
effect of BOGP on spermatozoa reflects the major biologi- 
cal function of this oviduct-specific glycoprotein that is 
associated with the estrus cycle in vivo. 
An oviductal glycoprotein of hamster, namely, 
oviductin, which associates with the zona pellucida of 
ovarian oocytes, was recently isolated and characterized by 
Mallette and Bleau [27]. Oviductin was reported to be a 
sulfated glycoprotein with low and high isoelectric points 
(pl  3.5-4.5 and > 9) and a broad range of molecular 
masses (160-350 kDa). The amino-terminal sequence of 
18 amino acids was similar to that of BOGP apart from 
amino acids of the first, fifth, twelfth and sixteenth posi- 
tions. The biological significance of oviductin was not, 
however, ascertained in their study. 
The cDNA for BOGP with the same amino-terminal 
amino acid sequence has been cloned from a bovine 
oviductal cDNA library and sequenced [25]. The calculated 
molecular mass of the mature protein was deduced from 
the amino acid sequence to be 57684 Da. The partial 
cDNA of an oviduct-specific glycoprotein of baboon was 
isolated and sequenced by Donnelly and her colleagues 
[26]. A high degree of homology among deduced amino 
acid sequences (71% identical amino acid and 11% substi- 
tutable amino acids) appeared between baboon and BOGP 
cDNAs [25]. 
The results of electrophoresis and of analysis of sugars 
indicate that BOGP is a sialo-glycoprotein that contains 
both N-linked and O-linked oligosaccharides with approxi- 
mate molecular masses of 2 kDa and 9 kDa, respectively, 
and a number of sialic acid residues are associated with the 
57-kDa core protein. The heterogeneous p I of intact BOGP 
may be the result of the heterogeneous addition of sialic 
acid residues to the termini of oligosaccharide chains. The 
shifts in mobility during SDS-PAGE after sequential treat- 
ment with glycosidases indicates that the BOGP molecule 
may include one N-linked and more than ten O-linked 
oligosaccharides. From the analysis of the carbohydrate 
composition of BOGP, we found that the molar ratio of 
galactose (GaD to mannose (Man) to N-acetylglucosamine 
(GlcNAc) to N-acetylgalactosamine (GalNAc) to N- 
acetylneuraminic a id (NANA) to N-glycolylneuraminic 
acid (NGNA) to fucose (Fuc) was 17:2:4:15:9:7:1 per 
mole of BOGP. It is well known, furthermore, that WGA 
has high affinity not only for GlcNAc residues but also for 
sialic acid residues of glycoproteins, and PNA binds tightly 
to /3-D-Gal residues of Gal-/3-(1-3)-GalNAc structures. 
Since intact BOGP had high affinity for WGA and AS- 
BOGP had high affinity for PNA, it is possible that a 
'mucin-type' sialo-oligosaccharide, such as Sia-Gal-fl-(1- 
3)-GalNAc, might exist in the intact BOGP molecule. 
These findings suggest that BOGP might contain 15 
mucin-type O-linked oligosaccharides, each consisting of 
one mole of sialic acid, Gal and GalNAc, and one com- 
plex-type N-linked oligosaccharide containing 2 moles each 
of sialic acid, Gal, and Man, 4 moles of GlcNAc and one 
mole of Fuc. As shown in Fig. 5, one site of N-glycosyla- 
tion, Asn-Ser-Ser, and 16 sites of O-linked glycosylation, 
namely, Ser or Thr residues in the vicinity of a Pro residue 
in the configuration X-Pro-X-X [28-30], were confirmed 
~KLVCYFTNW AFSRPGPASI LPRDLDPFL~ THLVFAFASM SNNQIVPKDP 50 
QDEKILYPEF NKLKERNRGL KTLLSIGGWN FGTVRFTTML STFSNRERFV i00 
SSVIALLRTH GFDGLDLFFL yPGLRGSPAR DRWTFVFLLE ELLQAFKNEA 150 
QLTMRPRLLL SAAVSGDPHV VQKAYEARLL GRLLDFISVL SYDLHGSWEK 200 
VTGHNSPLFS LPGDPKBSAY AMNYWRQLGV PPEKLLMGLP TYGRTFHLLK 250 
ASQNELRAQA VGPASPGKYT KQAGFLAYyE ICCFVRRAKK RWINDQYVPY 300 
AFKGKEWVGY DDAISFGYKA FFIKREHFGG A~LDLDD FRGYFCGTGP 350 
FPLVHTLNNL LVNDEFSSTP SPKFWFSTAV NSS,,,,,RIGPEMP TMTRDLTTGL 400 
GILPPGGEAV ATETHRKSET MTI~PKGEIA TPTRTPLSFG RHTAAPEGKT 450 
ESPGEKPL~T VGHLAVBPC~ IAVGPVRLQT GQKVTPPGRK AGVPEKVT~ 500 
SGKMTVTPDG RAETLERRL 519 
Fig. 5. Structure of mature BOGP and sites of glycosylation deduced 
from BOGP cDNA [25]. The sequence of29 amino-terminal amino acids 
is shown in an open box. One site of N-glycosylation, N-S-S, is indicated 
with double undedining. Close to 16 sites of O-linked glycosylation are 
underlined (X-P-X-X" motif containing Set or Thr residues) and are 
present inthe carboxy-terminus domain. 
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in the carboxyl-terminal domain of the amino acid se- 
quence deduced from BOGP cDNA [25]. 
The true molecular mass of intact BOGP was calculated 
to be about 70.3 kDa from the saccharide composition and 
from the molecular mass of the core protein deduced from 
the cDNA sequence [25], namely, approx. 25 kDa lower 
than that of the purified BOGP estimated by SDS-PAGE. 
It is likely that the large difference in the molecular mass 
is due mainly to the difference in mobilities between a 
heavily glycosylated sialo-glycoprotein and simple pro- 
teins, such as molecular mass marker proteins, during 
SDS-PAGE. 
Extensive synthesis and secretion of BOGP at the follic- 
ular phase has been confirrned by an immunocytochemical 
study with mAb 1H10 [24] and by Northern blot analysis 
[25] with a specific probe for BOGP mRNA. In our present 
experiments, the biological activity of BOGP was de- 
stroyed by treatment with Nase. Therefore, it seems likely 
that the negative charge of the BOGP molecule that is due 
to sialic acids, and not N-linked oligosaccharide, might 
play an important role in sustaining sperm viability. Bio- 
chemical analysis to elucidate the mechanism of the main- 
tenance of sperm viability and an attempt of the identifica- 
tion of a receptor molecule on the surface of sperm are 
currently under way in our laboratory using purified BOGP. 
In summary, we propose that a mucin-type sialo-glyco- 
protein, BOGP, might be important for long-term mainte- 
nance of sperm viability in the oviduct and might, thus, 
sustain the ability of sperm to complete fertilization in 
vivo. 
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